Objective: the purpose of this study was to report the authors' experience in the diagnosis, management, and clinical outcome of intestinal ischemia with pneumatosis intestinalis (PI) and hepatic-portal-mesenteric venous gas (HPMVG).
INTRODUCTION
Pneumatosis intestinalis (PI) is a rare condition characterized by subserosal and submucosal gas-filled cysts in the gastrointestinal tract. PI has two forms: primary or idiopathic, and secondary PI. Primary PI, or pneumatosis cystoides intestinalis (observed in 15-20% of all PI cases) is a benign condition that is often asymptomatic. This type of PI is characterized by multiple thin-walled cysts found in the submucosa or subserosa of the colon. If the cysts protrude into the lumen of the colon they may mimic polyps or carcinomas. Primary PI typically resolves spontaneously. In contrast, secondary PI, observed in the remaining 85% of cases, more commonly involves the small bowel or ascending colon (1) (2) (3) . Secondary PI may be associated with bowel ischemia and perforation (4) , and is diagnosed by computed tomography (CT) once gas appears in the hepatic-portal-mesenteric vein (HPMVG). Unlike primary PI, this latter type of PI is associated with a high mortality rate. The etiology, clinical findings, imaging findings, and clinical outcomes of 12 cases diagnosed with PI and HPVG were retrospectively analyzed and are discussed herein.
METHODS
From May 1996 to May 2006, 12 consecutive cases of adult patients (8 men and 4 women; mean age, 61.75 years; range, 45 to 86 years) who had intestinal ischemia with computer tomography (CT) findings of PI or HPMVG were reviewed. Primary PI and secondary PI not attributable to ischemic intestine were excluded. Their clinical characteristics, including age, gender, clinical presentation, underlying diseases, and abdominal plain film radiography, sonography, and computed tomography results were all recorded. Operative and histological findings were also noted in addition to salient features of case management and clinical outcome.
Pneumatosis intestinalis and hepatic-portal-mesenteric venous gas in intestinal ischemia
Image identification "Gas within the liver" needs to be differentiated from HPMVG and pneumobilia. HPMVG is typically located in the peripheral region (Fig. 1) , and the gas of pneumobilia is located more centrally (Fig. 3) . Another method for differentiation is to check whether the gas is in the common bile duct or portal vein.
RESULTS
Twelve patients over 10 years were identified in this retrospective study. Eight patients were males and the remaining 4 were females.
Clinical presentation
As indicated in table I, mean patient age was 61.75 years (range: 45 to 86 years). Nine patients presented with abdominal distension, 3 patients with abdominal pain, 5 patients presented with shock, and 6 patients presented with fever. Ten patients had a history of diabetes mellitus (DM). Other comorbidities included hypertension (n = 5), arrhythmia (n = 6), coronary artery disease (CAD) (n = 4), congestive heart failure (CHF) (n = 3), and uremia requiring regular hemodialysis (n = 2). Two patients had a history of stroke, and 2 further patients had previously had a limb amputated.
Imaging findings (Table II)
Plain film radiographs (KUB) of all 12 patients were reviewed. Nine patients had dilated bowel loops. One patient's report identified a region over the RUQ of the abdomen that was suspicious of linear gas, one patient had both dilated loops and intramural intestinal gas, and one patient had gas over the RUQ of the abdomen as well as intramural intestinal gas.
A sonography of the abdomen was performed for only 2 of the 12 patients. Of these, 1 patient had fluid collected in the pelvis, and one patient reportedly suffered from ileus.
All 12 patients underwent abdominal CT, including 2 patients reported as isolated PI, 2 patients reported as isolated HPMVG, and the other 8 patients reported as PI and HPMVG. Operative findings, histological findings, treatment, and outcome (Table II) The intraoperative macroscopic evaluation revealed 9 patients with ischemic changes in their intestine: two cases involved the colon and 3 patients were diagnosed with bowel gangrene. Histopathology revealed that the 3 patients with macroscopic evidence of intestinal gangrena eventually had bowel necrosis. One case (No. 11) appeared to have macroscopic evidence of ischemia at the time of surgery, but histology later revealed necrosis. Ten patients were identified with gas bubbles in the submucosa, and 4 patients with mesenteric thrombosis were detected.
All patients underwent segmentary intestinal resection, and one patient also underwent ileostomy. Ten of the 12 patients died during the post-operative period.
DISCUSSION
PI and HPMVG are associated with transmural bowel infarction possibly due to bowel ischemia, ulcerative colitis, diverticulitis, intraabdominal abscess, small-bowel obstruction, neoplastic bowel-wall damage, trauma, or gastric ulcer (5-7). Two mechanisms have been proposed to describe the pathogenesis of this condition: bowel distension or ulceration permits gas to enter the bowel wall and hepatic-portal-mesenteric venous system; or gas-for- ming anaerobic bacteria may invade the bowel wall (5, 6, 8) .
Given the high mortality rate associated with this condition, particularly with secondary PI (5) (6) (7) (8) , it was the goal of this study to report our experience regarding PI or HPMVG in patients with intestinal ischemia. Most of the patients described in this retrospective study presented with abdominal distension (75%), fever (50%), and shock (42%). DM (84%), cardiovascular disease including hypertension (42%), arrhythmia (50%), and CAD (33,3%) were the most commonly encountered comorbidities. It is possible that DM and cardiovascular disease were the primary contributing factors that led to intestinal ischemia.
We propose that following the development of ischemic changes within the intestine an ileus resulted, and intestinal obstruction ensued. The intestinal mucosal damage and obstruction permitted gas to enter the bowel wall, whereby the gas then progressed to the mesentery and portal veins.
Regarding imaging studies, abdominal CT appears to be more sensitive than either plain film radiography or sonography for the detection of intestinal ischemia with PI or HPMVG. CT findings in PI were almost always compatible with histological findings; however, the severity of intestinal gross ischemia changes was not compatible with CT findings in this study. As illustrated in figures 1 and 2, PI and HPMVG were identified on CT, but gross intraoperative findings indicated ischemia, not gangrene. It is possible that while CT may identify PI, the intestine may appear grossly ischemic, not gangrenous.
While several reports indicate that immediate laparotomy is necessary for patients presenting with HPMVG (9,10) our results are admittedly disappointing. In this study surgery did not appear to ameliorate the clinical outcome. Surviving patients rarely had underlying diseases, and showed a minimal amount of intestinal ischemia or gangrene when compared to patients who died postoperatively. The mortality rate may be associated with disease severity, but a more exhaustive analysis with a large sample size is required to draw solid conclusions or recommendations.
In conclusion, abdominal CT appears to be a sensitive method for detecting PI or HPMVG in intestinal ischemia, but it is not completely consistent with clinical presentation, macroscopic intraoperative findings, or clinical outcome. Clinical outcome appears to be highly associated with the severity of intestinal ischemia and the extent of the patient's underlying disease(s).
